The epigeic spider communities of the Western Carpathians are characterised by a high number of species. The great influence of Pannonian elements on the coenoses of the Carpathian hills is evident. The habitats of the Western Carpathians differ from each other, and several types of microclimatic conditions are there. These facts affect the spider fauna. The epigeic spider communities of the western part of the Carpathians, represented by the Devínska Kobyla hill, were characterized by the constant presence of four species at all study sites -Dysdera erythrina, Agroeca cuprea, Pardosa lugubris and Trochosa terricola. Principal components analysis confirmed the high proportion of Trochosa terricola, Eresus moravicus and Scotina celans in the epigeic spider community of the steppe. In contrast, the presence of Coelotes inermis, Histopona torpida and Haplodrassus silvestris was important in the oak forest. Bray-Curtis analyses confirmed that the spider community of the oak forest differed. The migration and penetration of the species with high vagility was an important fact that affected the spider community in the ecotones. Based on the analysis of the araneocoenoses in the Western Carpathians, spiders were grouped into four categories -leaders, typical spiders, specific spiders and tourist species.
Introduction
The Malé Karpaty Mts as the western part of the Carpathians are a very important xerotherm mountain range. Devínska Kobyla hill, situated in the western part of the Carpathians, belongs to the most important biotopes of Slovakia as Panonian and Carpathian faunistic elements are present there. Spider communities of Devínska Kobyla are characterised by high species richness and diversity and a lot of spiders are threatened and very rare. The diversity of spider fauna of Devínska Kobyla documents the high biotic value of this area.
The first information on spiders from Devínska Kobyla was reported by Chyzer & Kulczyński (1899) . Later, Miller (1963 Miller ( , 1967 recorded some spiders from that site and Žitňanská (1979) carried out the first complex research of spiders at Devínska Kobyla hill. Gajdoš (1981) analysed the spider communities at six different study sites of Devínska Kobyla, the highest number of species was found at steppe and the lowest species spectrum was in the oak forest. Gajdoš & Krumpál (1986) evaluated the dynamics of biomass of spiders at different biotopes of Devínska Kobyla and Zobor hills. Gajdoš & Krumpál (1988) studied the production of biomass and its relations to the spider communities at Devínska Kobyla and compared these results with spider communities at Zobor hill. The authors found the highest values of these parameters in the oak forest at Zobor hill. Gajdoš (2005) summarised the previous data on spiders of Devínska Kobyla hill. The occurrence of a number of rare and threatened spiders documents the high biotic value of this study area. Steppe and steppeforests seem to be the most important habitats for spiders (Gajdoš 2005) . Noflatscher (1991) studied the araneofauna of an oak forest and xerotherm habitats in Austria. Esjunin et al. (1993 Esjunin et al. ( , 1994 classified spiders of an East European oak forests and delimited eight groupings in their distribution pattern (reflecting a zonal, polyzonal and regional factor), whereby spider fauna corresponded to the occurrence of floral coenotic elements. Krumpálová (2005b) classified spiders of the West Carpathians oakhornbeam forests into four categories according to their ecological requirements.
In the present study spider communities were investigated simultaneously at five study sites of Devínska Kobyla hill and the results were analysed.
Material and methods
Five study plots were situated in the Devínska Kobyla National Nature Reserve in the western part of the Carpathians.
Study plot A -pines in a steppe (Pinus nigra, subsp. austriaca) (48
• 11 02 N, 16
• 59 02 E). The pines shaded the site and kept the humidity of the habitat. • 10 49 N, 16
• 59 39 E). This study site is a continuous transition of the steppe into the oak forest (Quercus robur and Q. cerris).
Study plot D -the ecotone between steppe -field (high herbal layer and good lighting conditions) (48
• 10 49 N, 16
• 59 48 E).
Study plot E -oak forest (Quercus robur and Q. dalechampii) -it is situated near a small stream (48
• 10 56 N, 16
• 59 49 E). Spiders were collected by ten pitfall formaldehyde traps (7 cm in diameter), set in a line at each study plot. The traps were exposed from March to November in 2001 and 2003 and emptied monthly. The continuous collection was occasionally interrupted due to tourists' activities.
Nomenclature of the spiders follows Platnick (2006) . To characterize the spider communities, five categories of dominance according to Tischler (1976) and Heydemann (1955) were used. The spider communities were also characterised by the Pielou's index of equitability, Margalef's index of species richness, and Shannon's index of diversity (Ludwig & Reynolds 1988) and species spectrum was compared by one-way ANOVA. The similarity of the spider communities was evaluated according to the Bray-Curtis and RaupCrick methods (Hammer at al. 2001) . Spider communities were also analysed by using the principal component analysis (PCA) by using Past exe (Hammer et al. 2001) . The cumulative percentage of the species variance was 85.78%.
Results
At Devínska Kobyla hill, 4,681 spider individuals, belonging to 120 species from 23 families were obtained during 2001 and 2003. Twenty-eight rare spiders (Table 1) were found there (Štrbík 2007) .
At study site A (pines in steppe), 26 species belonging to 10 families were found. Eudominant species in these two years were Pardosa lugubris and Trochosa terricola, dominant were Aulonia albimana, Alopecosa cuneata and Agroeca cuprea. Value of the diversity index H was 2.611, variance 0.0125, t = 1.7704. The value of equitability index was the highest here (E = 0.8014). The species richness was R = 5.453.
At study site B (steppe), 21 species belonging to 10 families were found. Eudominant spiders were P. lugubris, T. terricola and Scotina celans. Dominant species were Eresus moravicus (Řezáč et al. 2008) , Alopecosa cuneata, A. accentuata. At this site, the lowest value of the diversity index H = 2.315 (variance 0.0096) and the lowest value of species richness R = 4.126 were obtained. The value of equitability index was E = 0.7727.
At study site C (the ecotone between steppe -oak forest), 59 species were recorded. These belonged to 17 families. Eudominant species were P. lugubris and S. celans. Dominant spiders were T. terricola, Drassylus villicus and Zodarion rubidum. The spider communities at this study site reached a high value of diversity index (H = 3.155) and a high value of richness index R = 12.74.
At study site D (the ecotone between steppefield), 61 species from 15 families were recorded. P. lugubris was the only eudominant spider. Dominant species were A. albimana, S. celans, Alopecosa trabalis and T. terricola. The spider communities at this study site reached the highest values in all diversity indices: H = 3.075, R = 12.99 and E = 0.7799, the variance was 0.0171 and t = 3.4017.
At study site E (oak forest), 36 species from 14 families were found. P. lugubris and D. villicus were eudominant, T. terricola was dominant. The spider communities at this study site reached a low value of diversity index (H = 2.38) and the lowest value of equitability index (E = 0.6694).
The species spectrum was compared by one-way ANOVA, followed by the Turkey's test for pair-wise comparison (F = 1.9173E −6 , total df = 604, P = 0.9161). The skewness coefficient was 117.2 and kurtosis coefficient was 192.6 by using the multivariate normality test (MARDIA).
General characteristics of the Western Carpathians epigeic spider communities
Considering the eudominant and dominant species, Pardosa lugubris predominated during the whole investigation period at all study plots; its dominance was higher than 25%. The highest dominance of P. lugubris (39%) was in the oak forest. The second dominant spider was T. terricola. These two lycosids had the highest effect on the composition of spider communities as these big predators pushed other smaller spiders out of their territory. The spider communities were also characterized by the constant presence of the following four species at all study sites -Dysdera erythrina, P. lugubris, Trochosa terricola and Agroeca cuprea.
The species diversity in the spider communities varied. In general, a high number of species was noticed at site D (the ecotone between steppe -field), due to the high number of species from the families Thomisidae, Agelenidae, Lycosidae and Theridiidae (Table 1) . This was probably an effect of the type of ecotone zone with identical conditions in both types of habitats. The increase in species number at site C (the ecotone between steppe -oak forest) was caused by the increase in number of species from the families Gnaphosidae and Thomisidae.
Similarity vs. dissimilarity of the Western Carpathians epigeic spider communities
The spider species representation was evaluated according to Raup-Crick's randomization method (cophenetic correlation coefficient = 0.8856) ( Fig. 1 ). High degree of randomization of the species resemblance (0.983) was found between the communities at site A (pines in the steppe) and site B (steppe). The community at site C (the ecotone between steppe -oak forest) was gradually connected to communities of the two previous sites. The results for site E showed very low randomization of the spider community in the oak forest (0.181). This fact seems to be the result of different microclimatic (Gajdoš et al. 1999 ); * -bioindicative important (Gajdoš 2005) . conditions and the composition of the herbal layer of the oak forest. The highest similarity (based on Bray-Curtis, cophenetic correlation coefficient = 0.8311) was between the spider communities of the ecotone study sites (pines at the steppe and the ecotone between steppefield), with high dominance of P. lugubris and T. terricola. The second highest similarity was found in the community of site C (the ecotone between steppe -oak forest), which was gradually lined up to the first group. The community of the oak forest was dissimilar and differed from the other communities studied (Fig. 1) .
Although Devínska Kobyla hill is part of the Western Carpathians for which oak forests are typical, the spider communities at this site are characteristic of the penetration of Pannonian elements. Both analyses (Raup-Crick and Bray-Curtis) confirmed the similarity of four study plots, while the spider community of oak forest differed. This dissimilarity may be the first step for the foundation and gradual creation of the Carpathian fauna. But the western part of the Carpathians is still under the great influence of Pannonian elements.
Classification of the epigeic spiders of the Western Carpathians
The species Eresus moravicus, Trochosa terricola, Pardosa lugubris, Zodarion rubidum, Coelotes inermis, Histopona torpida, Agroeca cuprea, Drassylus villicus, Xysticus cristatus and X. kochi, Atypus muralis, Dysdera erythrina, Alopecosa cuneata, A. schulzeri, Aulonia albimana and Pardosa hortensis influenced the structure of spider communities at Devín-ska Kobyla (Table 2 ). These spiders very markedly differentiated the communities at the five habitats studied. PCA analysis confirmed (Fig. 2) a great proportion of T. terricola, E. moravicus, Scotina celans, Zelotes petrensis and Anyphaena accentuata in the epigeic spider community of the steppe. In contrast, Coelotes inermis, Tegenaria ferruginea, Histopona torpida, Drassylus villicus and Haplodrassus silvestris influenced the spider community of oak for- Coelotes inermis S C
•
Histopona torpida S C
Haplodrassus silvestris S C
• •

Drassyllus villicus
• Explanations: L -leader spider; T -typical spider; S P -specific Pannonian spider; S C -specific Carpathian species; A -alien. Dominance of species: under 5% (•); between 5.1-9.9% (•); over 10% ( ).
est as well as its differences to the other communities.
Based on the analysis of spider communities at Devínska Kobyla, spiders can be ranked into four categories -leaders, typical spiders, specific spiders and tourist species. PCA confirmed the above-mentioned data. Leaders (Trochosa terricola and Pardosa lugubris) have the highest dominance in the communities studied and constant presence in ecologically different habitats. Typical spiders are dominant in the communities. The coexistence of Atypus muralis, Dysdera erythrina, Alopecosa schulzeri, A. cuneata, Aulonia albimana, Agroeca cuprea and Zodarion rubidum is the basis of the spider coenoses at Devínska Kobyla (Table 2) . Each type of habitat offers a certain number of species, but the similarity of the structure and coexistence of these species is limited. Specific spiders reflect more or less the mild characteristics of the habitat. These mild characteristics might be the light conditions on the biotope, microhabitats, nourishment, or methods of collecting. Specific spiders specify each habitat in the Western Carpathians.
Coelotes inermis, Histopona torpida, Drassylus villicus, Haplodrassus silvestris and Pardosa hortensis are specific spiders for the Carpathian fauna (Table 2 ). All these spiders are hemi-hygrophilous and have higher requirements on humidity of habitat. On the other hand, the presence of Eresus moravicus, Scotina celans, Alopecosa accentuata, A. trabalis, Zelotes petrensis, Ozyptila claveata, Xysticus cristatus and X. kochi in the community of steppe is responsible for the difference from other study sites (Table 2 ). These spiders prefer very dry or dry habitat conditions and represent the Pannonian elements in the Carpathian fauna.
Specific spiders have a lower dominance, but they create the structure of the communities. The presence of a number of specific spiders specifies the habitats or point to changes in the biotopes. Specific spiders could represent former populations, they can increase in dominance and their position in the community can change. Tourist species often penetrate from the surrounding areas. Most of them have different requirements to the moisture of habitats or lighting conditions. There were a few tourist species at Devínska Kobyla, e.g., Theridiosoma gemmosum, Agyneta subtilis and Oedothorax gibbosus. These species usually prefer semi-open and wet habitats. Their presence in the dry and open habitat (ecotone between steppe -field) documents that the small microhabitats at this study site offered the different and specific ecological and microclimatic conditions. Tourist spiders are accidental species in the communities and only a few individuals represent them. However, they could influence the structure of communities by their increase in dominance, which quickly signals changes in the habitat conditions.
Discussion
The epigeic spider communities of Devínska Kobyla hill are characteristic of a high number of species. The habitats are manifold and differ from each other in various microclimatic conditions. These facts affected the spider fauna that responded to the changing conditions by differentiation in the structure of their communities. Araneocoenoses of similar habitats of the Nature Reserve Island Kopáč near Bratislava (steppe, ecotones, surrounding of the Danube River) offered specific conditions for spiders with various requirements to light, humidity and temperature (Gajdoš 1987; Krumpálová 2007) .
The species P. lugubris and T. terricola prevailed at all five sites studied, where the dominance of epigeic species was generally high. Pardosa lugubris prefers dry, xerotherm and partially shaded habitats and very quickly penetrates to drier habitats (Krumpálová 2005a, b) . However, decrease in dominance of this spider was recorded at all sites, except of steppe during the warm period of spring, summer and autumn in 2003. These data reflect the steppe site specification that offered better conditions for spiders than in the previous year. The migratory ability of lycosid spiders to dry habitats is high. Lycosid spiders dominated in oakhornbeam forests in the Malé Karpaty Mts near Modra and the highest dominance was at a hill with north-east exposition (Krumpálová & Bartoš 2002) . Similar results were obtained for an oak-hornbeam forest in the central part of the Malé Karpaty Mts (Krumpálová & Szabová 2003) . By using the sweeping method, Gajdoš (1981) summarised the dominant spiders in the oak forests at Devínska Kobyla hill that were Linyphia triangularis, L. hortensis, Mangora acalypha and Metellina segmentata. In the present study, the species diversity of spider communities of the ecotones (the ecotone between steppe -field or steppe -oak forest) was high. The findings confirmed the results of Gajdoš (1981 Gajdoš ( , 2005 . The records of Drassodes villosus and Gnaphosa montana near the oak forest at Devínska Kobyla indicate the specific Pannonian conditions of the habitat. Esjunin et al. (1994) divided the epigeic spiders of East European oak forests into sixteen categories, however, this research was carried out on a big area that allowed to classify spiders into more categories than in Slovakia. Based on the analysis of spider communities at Devínska Kobyla hill, spiders were classified only into four main categories. Krumpálová (2005a, b) used similar categories to classify spiders of flooded areas of south-west Slovakia and Western Carpathian epigeic spiders. Penetration of non-specific spiders into the habitats was also noticed. Eresus moravicus, living in xerotherm and warm habitats, was dominant in the steppe, but it was also found at two adjacent study sites (pines in the steppe and the ecotone between oak forest -steppe). The tourist spiders (non-specific) document the small microhabitats at the study sites that offered different and specific ecological conditions. Species diversity in the spider communities of Devínska Kobyla hill was different. In general, high number of species was noticed in ecotones (e.g., the zone of steppe -field). It seems to be an effect of the mixture of two types of habitat. The spider community in the steppe was dissimilar and differed from the other studied communities in the western part of the Carpathians. Here, co-dominance of more species was recorded.
The high species diversity is mainly due to the conditions at the habitats, as well as to the mixture of the Pannonian and Carpathian fauna. The high number of xerophilous species in the west Carpathian forests, which preferred very dry biotopes, was obvious. The great influence of Pannonian elements on the araneocoenoses of carpathian hills was remarkable.
